Dust penetrated morphology in the high redshift Universe 
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Abstract. Images from the Hubble Deep Field (HDF) North and South show a 
large percentage of dusty, high redshift galaxies whose appearance falls outside tradi- 
tional classification systems. The nature of these objects is not yet fully understood. 
Since the IfDF preferentially samples restframe UV light, HDF morphologies are not 
dust or 'mask' penetrated. The appearance of high redshift galaxies at near-infrared 
restframes remains a challenge for the New Millennium. The Next Generation Space 
Telescope (NGST) could routinely provide us with such images. In this contribution, 
we quantitatively determine the dust-penetrated structures of high redshift galaxies 
such as NGC 922 in their near-infrared restframes. We show that such optically 
peculiar objects may readily be classified using the dust penetrated z~0 templates 
of Block and Puerari (1999) and Buta and Block (2001). 
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1. Introduction 



Several studies have recently been conducted to elucidate the morphol- 
ogy of high redshift objects (e.g., Glazebrook et al. 1995; Driver et al. 
1998; Abraham et al. 1996a; Abraham et al. 1996b; Bouwens et al. 
1998; Giavalisco et al. 1996). 

Near-infrared studies (~ 2.1 fim) probe underlying stellar masses far 
more accurately than do optical morphologies. In order to 'penetrate 
the mask' and effectively delineate the stellar mass distribution of the 
older population, optical detectors do not suffice. 

To dust-penetrate galaxies at high redshifts in their K' restframes 
with the NGST necessitates the design of detectors sensitive to light 
whose wavelengths are longward of K' (2.1 fim). A preliminary descrip- 
tion of the NGST facilities are given in Gillett and Mountain (1998). 
Bally and Morse (1999) describe a detector which will operate in the 
wavelength range 0.6 to 5.3 fim. This detector can observe K' restframe 
light of objects out to redshifts of z ~ 1.5. 
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2. Analysis 

The images analysed here were generated fohowing the simulation method- 
ology of Takamiya (1999). The bidimensional Fourier method was used 
to secure information about the morphology (see, e.g., Puerari and 
Dottori 1992; Block and Puerari 1999, and references therein). The 
simulations recreate a given image when moved out to higher redshifts, 
always in a pre-selected restframe. In this contribution, the images of 
NGC 922 are simulated at redshifts z = 0.7 and z = 1.2 in the K' 
restframe. The original image of NGC 922 was obtained at the NASA 
Infrared Telescope Facility with NSFCam (more details can be found 
in Block et al. 2001). 

The bidimensional Fourier analysis shows that the near-infrared 
morphology of NGC 922 remains the same when the galaxy is moved 
out to redshifts z = 0.7 and z = 1.2 (see Fig. 1). The analysis also con- 
firms that only two low-order m components (m = 1,2) arc sufficient 
to describe the dust-penetrated morphology of NGC 922 (see Fig. 2) . 

3. Conclusions 

In this paper, we have simulated images of NGC 922 when it is sys- 
tematically moved out in redshift space, always in restframe K'. Our 
analysis confirms that the morphology of such optically peculiar objects 
may successfully be described by low-order m modes, as for galaxies at 
z ~ in our local Universe. 
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Figure 1, The Fourier spectra of the K' image of NGC 922 at its original distance 
(top). The middle panels show the Fourier spectra when NGC 922 is moved to 
redshifts z = 0.7 (L-band) and z = 1.2 (M-band), where a deceleration param- 
eter qo = 0.1 is used. The bottom panels are similar to the middle ones, except 
that a deceleration parameter of qo = 0.5 is adopted. A remarkable similarity in 
the rcstframo K' images of NGC 922 is found, independent of redshift and of the 
deceleration parameter assumed. 
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Figure 2. Dust penetrated images of NGC 922. Upper left: Groundbased K' image. 
Middle left; simulated Ih exposure (assuming an 8m NGST), at redshift 0.7 (L 
band). Bottom left: NGC 922 simulated at redshift z=1.2 (M band) with an 8m 
NGST. The right hand panels show contour overlays of the low order m=l and 2 
inverse Fourier transforms. 
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